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Optical System and Optical Apparatus Using The Same 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

2. Description of the Related Art 
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Z. £ ifi T # Z> . 
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it K & £ . 

*56iflC«kntf, 3te¥*2&tf-£n*JH t>fcft¥£«tt, J^TcDf&frit 
-2. 5<f 1/f K-0. 5 (5-2) 

SHfc £ H ^ t # & t . g^tfik 

- <7) #>#:ffliJfCBHg 5 tltz ft H U — <D V >X»*«, 2 tfc<0 k > XT 4ft j£ 3 tlT ^ 
6O°<0<12O° (6-1) 



6 



±te^#it (6-i) (DTm&Tmz ^^nj^5^-(os^^f^(7)-th-r 
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5. 0<C j/f 1<1 0. 0 (8-3) 
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It^T^5.:iT©y7 Mfi £ , > 7 h & 1JU fc U > X (D <p t ft 
0.0^|<5/fl|<0. 50 (9-2) 

*7t, ^iB^cina, ^^^R^^n^ffl ^rzyt^mmit. mfeovtm-c 
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*lH^tJ;ntf, 3fc¥^;&tfiE-tt£ffl I«ill57 
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sfc, *^s^(Cctn«\ >t^^&tx^n*ffl i^jtfsitt. «oa*j§mi>j 
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These and other features and advantages of the present invention 
will become apparent from the following detailed description of the 
preferred embodiments when taken in conjunction with the accompanying 
d raw i ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 
m 3 fi Ml 1 m M 0*1 O) m J& K 81 1 5 Ommi:*tt4««I0T»5. 

m 4 fe*mmizfrfr2>yt¥%<Dm 2 mmm<D y - z wbsbit?* 

^5tS^2|IM^Jc0^fiSg^|4!E^M(Ci3tt^^JRMI2lTft^o 
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m 8 \*m 3 mmm<DM & mm&m&iz &v zmwmm-v & z . 

mi 2 it m 1 1 #y o nj & j£ k m ^ & sis <z> - mm £ ^ -r wt w m -c & 
mi 3«@i i©^jaDPi^^«^fcfflt^««j©teo^«8Sr^-riJi^Bi-r 

<b\zm<DM$:*k-?MmMf8.mT*$>Z>o 

<e> \z m <d m % 7K t it «* s£ in t * £ o 

£ f~ {til co #J £ ^ -T {ft b& ft fig El t * -5 „ 
£0 

HI 1 8 te^f^WX- A^^lMzffl \,*2>teVt nJ^S 7 — t LTiiffl oJ^& 

mi 9iiii 8 o #j k & n- -s> n-r ;ke> — nzmm&^Twitwm~e$>z>o 

12 OHll 8<D^J{Cfett-S>3-r;KDffe<DgeM^J$:^-ri5i^®TS'2>o 

HI 2 1 it m 1 6 iZ ^ L 09 \Z & ^ T , n <i )l £ M 2 0 (D £ o izSiW. Vtc ±§ £ 

izm-?%*JKMG<Dffim&*<-?wiwm-i:foz>o 
m 2 2 it*ftw<Dyt¥%&m^rzmmmwizmm»imtzBVi~*!Ms. ? - £ 
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> y (D - m * ^-r & msm ei t & & o 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Z=cr2 /[•1+V"(1-(t+k)o 2 r 2 }]+! Cj X m Y n •-■(■) 

j=2-66 

Ht, ±HS (a) it©IllHJ|liS, l2Sflgi«ffllT*5„ 
# ® >S 4> , 

c : Mj»©tt* 

k : 3-- v zizm (nmizm 

r =r (X 2 + Y 2 ) 
N : 2 JW±a> S ^iSc 
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N 

I CjX»Y° 
i=2~ee 

=C 2 X+C 3 Y 

+C 4 X 2 +C 5 XY+C 6 Y 2 

+C 7 X s X 2 Y+C 9 XY 2 +C 10 Y 3 

' +C n X 4 +C l2 X 3 Y+C 13 X 2 Y 2 +C U XY 3 +C 1B Y 4 
+ C 16 X 6 +C 17 X 4 Y+C 18 X S Y 2 +C 19 X 2 Y s +C 20 XY 4 +C 21 Y 5 
+C 22 X 6 + C 23 X B Y+C 2 «X 4 Y 2 +C 25 X S Y 3 +C 26 X 2 Y 4 +C 27 XY 6 
+C29X 7 +C3oX 6 Y+C 31 X 5 Y 2 +C 32 X 4 Y 3 +C33X 3 Y 4 +C34X 2 Y 5 +Cs5XY 6 +C 36 Y 7 

ft fz L , Cj ( j « 2 ± CO g HSc ) IJitTfeSo 

1 a ffift® Y<D^ic^^^^:T 0 IZ~T Z> Z. k. 

* ^ > _h ie co m te# ** & Eft ffi w* « co if t * & g ft ft m « , ffi co ^ « ^ t l 

T , Ze rn i k e#^^l;J;0^lTf 5. ^coSCD^ttteJ^TcOiC ( b ) 
CJ; O^it^. •£■<£> £85*; (b) OZi^Ze rn i ke^rgitcolAtft^ 

c m is ft® x - Y®ic*f-r& z <dmz (Dmmmir^m^ n, r 

«x-Y®F*gcozitt^e>comi8, AtezftbiHjDco^fe^-e. z $6 ^ e. w\ o fc m 
$e m t? 1 ^ -a- e» n £ c 

X = R x cos (A) 
Y = R Xsin (A) 
Z = D , 

+ D 3 R cos (A) + D 4 R s in (A) 

+ D 5 R 2 cos (2A) + D 6 (R 2 -l) +D 7 R 2 sin (2A) 
+ D 8 R 3 COS (3A) + D 9 ( 3 R 3 - 2 R ) cos (A) + D 10 ( 3 R 3 - 2 R ) s 
in (A) + D 1 1 R 3 sin(3A) 

+ D 12 R 4 cos (4A) + D I3 ( 4 R 4 — 3 R 2 ) cos (2A) 

+ D, 4 ( 6 R 4 - 6R 2 +1) + D , 5 ( 4 R 4 - 3R 2 ) sin (2A) 
4- D ,6 R 4 sin (4A) 
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+ D,,R 5 cos (5A) +D 1S (5R 5 -4R 3 ) cos (3A) 
+ D 19 (1 OR 5 — 1 2 R 1 + 3R) COS (A) 
+ D 2„ (1 OR 5 - 1 2 R 3 + 3 R ) s i n (A) 
+ D 21 (5R 5 - 4R 1 ) sin (3A) + D, 2 R 5 sill (5A) 
+ D 23 R 6 cos (6A) + D 24 (6R 6 - 5 R 4 ) cos (4A) 

+ D 25 (1 5R 6 - 2 0 R 4 + 6R 2 ) cos (2A) 

+ D 26 (20R 6 - 3 0 R 4 +12R 2 -1) 

+ D 27 (1 5R 6 - 20R 4 + 6R 2 ) sin (2A) 

+ D 28 (6 R 6 — 5 R 4 ) sin (4A) + D 29 R 6 sin (6A) 

• • -(b) 

fzfcL. D m (mte 2 JiO^ic) MgcT&£„ fc £> , XtoJSlftlZttftlS. 
Jt^lb b. LTlSSfT Z> \Z\t. D 4 , D 5 , D 6 , D , 0 , D n , D 12 , D l3 , D 14 , 
D 20 , D,,, D 22 ..- £ f'J ffl T o 

± ib ^ % it « . in te# *f ft & ft m m i£ o m <d m ^ <n it v> iz ^ l & t> <d t * 
Q.m<D^frte&fem&izttVTbmc®&tfmzn2>z\t\zmo£T*bts.^ 
o & # w fd iwi flg & e, a m <d m m -v ft m m # * * l t t> «t ^ . 

*»Wl:*UTIi. AuSE (a) ^ CD 4 1 <£> x W$ll©l5;iT0 £ "3" -2> £ 

fc*S. #S*BSfl21*«, ftl*^ ft£ Z , ^(ftfdiitfT Y \Z t K> . Ri 

f & * £ k , # J* ® « & £ a , b , c , dtLfcit, it (c) T 31 £ tl 3 „ 

Z = ( Y 2 / r ) / [1+ {1- ( 1 + k ) • ( Y/ r ) 2 } ,/2 ] 
+ ay 4 + by 6 +cy 8 +dy 10 (c) 

ft*, ±ie^M^-^ tcgg-r saawtt, *%w<D&mffim<D®.my £ -? iz# 

« T (7) * m M f , "ASP" « # S* ffi . "FFS" « g A ft ® , "DM" 

£ Jgte 0 T- & 3 „ fB #f ^ , T^^tfS^felldl (iI 5 8 7. 56nm) 
Jtt5t)ro*SI2l/Tife5.fi$©#ia[ttmm. £| j£ <D d e g T £> £ . 
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©iJA~-^7X, I R*7h7^^, P - A° 7. 7 4 )V 9 & B m b fc 
CDT$><g>„ 

fB -£> ffi « , CD ffi CD M IS ffi S CD > 7 h (X 7j ft , 

Ytt^rsi, zi^^i^-enfnx, y, z) a> as <d + ^ w (&&mmiz-D 

V^T«, huSB (a) iScd Z I*) ©Xtti, Yftb, Z nftl * I 3 to t T % "r J 

)\> v (tti^ena. a, r (deg)) T- ^- a <=> n § „ m>b &n o t # <d m^m m <D 

K jft tt . (H^Srff^iSSrkffitLfct^, k - 1 ffi CD ® Jg fi g ^ 6 Z $4 7? ft (3 
®IBIBI©»«^»»bfcjSi:"r*. fflf'iXOWfftt, Xy7h, Y->7K Z~> 
7h. af-f JVh, 3 T << )V h , r >f ^ h CD Jli T & 3 „ & *3 , CD i§ a <h 

i3cD]E«, x m , y n^n £ v ^- x #j ^ e. ji tc £ % <d k m it 0 0 77 ft £ 

. kB^li^LTl^;i^. k + 1 ® p$ CD & Jg to itu CD k jg CD & m ^ 
<h — Ifc ^ -5 „ k + 1 ffi CD ® JfH£ g f£ , iP^HUCDk®CD®IS'fiS^e,Z$|ll77|pJ(C 
B F*1 PI CD # fc tfmmVfc & £ LT^itS.-^, DEOTB, kffi/^fiitoL 

xvifctfr, k + i ffisx<&<nmm%te. mfo&o k ®cdj^^^ t-ats. k 

+ 1 ® CD M JJHi ■ it , (H toft CD k ffi (D ffi <=> Z #77 ft K m ffl m CD # fc 
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A *7 -f&ft~C$>Z> C 4 , C 6 #t IE <D £ # . — K&S. ft <7> A 

mr*fctt znfc'&<Dyt¥&<Dmm%ii. kssm (Dmrnm* xm^foiz i 8 o° 

*3gA5di*tt#5*s.3>h7Xh*^©* - h 7 * — t! 7, & 'fr o tz#> \Z 
i£ * £ ft! 0 ii ^ a" y - <d W.m , & iXifi m <£ 0 <b 3ft ^ A «7 - <o W. M 

J^TO^Jg^Hi, ^^bJ^5 5 -C7*-Jtl ->>^©t$^£ fcfcitfcTfc^ 

* — # -> > ^Btco^e — ^ (oigffi)^a«7i < & * »j y h a*& 

m i te*mwizfrfrz>yt¥%<Dm immm<DY - zmwm.m2izmimm 
m<om &mmmm&izten 2>mw.mm. m 3 \tm 1 mm&KDW j&mm 1 5 0 m 

IS 1 H^^JW^^^ El 1 {C^T£ 5 JB#pJ& 5 7 -DM £ . fl^UJ 
^5^-a^#l{*{l'Jf3gHS$tlfc2S¥2fe(DEll/>X^G 1 <h , 0 tfc HJ & 5 ^ 
-a^bftfBiJf3l2g$tlfc3^4^CDi£bl/>X^G2T^^$nTU«)o J E-LT 
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* 4 

ts v > ^ & ff "5 d <h *« T # S =fc o \Z & o T US c 

(i *j> jr ^ *i ; ^ £ -r * . # (c ^ # or & 5 5 - d m (o & m M # * # H ifi * ^ IZ 
ztc&iz. v >xm$> i> ^ iz > y hRzs^^ )v v ^is^^jsjd^t^-s 

. £ ft £ J; D , 7 * - t) ^ > 7*m<DM>bW%:(Dm£.&^7 > Z> Z\ ttf-e 

g**S§ii£ : 4. 9mm (^itj&l? 38mm) 

ffl til F ± > A - : 2.8 

Jl ft ffi (7) -t -f X : 4. 4mmx3. 3mm 
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T v ^ 




oo 


CO 
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10. 662 


0. 


800 






1. 7725 


49. 6 


2 


4. 300 


1. 


200 
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oo 


0. 


800 


Mb 


(l) 


1. 4875 


70. 2 


4 


8. 675 


4. 


200 










5 


oo 


0. 


000 




(2) 
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FFS tl] 


0. 


000 




(3) 
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oo 


4. 


000 




(4) 






8 (!£<9ffi) 


oo 


0. 


300 
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9. 498 


2. 


979 






1. 7433 


49. 3 


10 


ASP [1] 


2. 


160 










1 1 


7. 565 


2. 


144 






1. 5163 


64. 1 


12 


-6. 294 


2. 


427 






1. 8052 


25. 4 


13 


6. 285 


2. 


279 










14 


7. 348 


1. 


841 






1. 583 1 


59. 4 
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15 ASP [2] 0.300 

16 oo l. 000 1. 5 163 64. 1 

17 oo i. 290 1. 5477 62. 8 

18 oo o. 800 

19 oo 0. 750 1. 5 163 64. 1 

20 oo l. 100 

mm oo o.ooo fignxs) 

ASP [1] 

-12. 103 k= 0 
a= 3. 3665 X 10" 4 b = - 1 . 9533 x 1 0~ 6 c = 2. 849 1 x 1 0" 7 
d = -3. 8724 X 10" 9 
ASP [2] 

EK^f! -20.000 k= 0 

a = 1. 0418X 10" 3 b=3. 1010X 10" 5 c = -3. 6437 x 1 0" 6 
d= 1. 5524 X 10" 7 

m^[l) (DEO) 

X = 0. 000 Y= 0. 500 Z = 0.000 a = 0.000 0=0.000 
r =0. 000 
M'b [2] (DEO) 

X= 0. 000 Y=-0. 393 Z = 0.000 a =45. 000 /3 = 0.000 
r =0. 000 
<g'fr[3] (DAR) 

X=0. 000 Y=-0. 351 Z (FFS [1] lZ$ZM) a =-0.206 

IS =0. 000 r = 0. 000 
fl<b[4] (DEO) 

X=0. 000 Y= 0. 000 Z = 0.000 o: =45. 000 0 = 0. 000 
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r =0.00.0 
ffl'i>[-5] (DAR) 

13 =0. 000 



150mm^l 
-0. 1 588 X 10" 2 
-0. 7847 X 10- 3 
-0. 7368 X 10- 4 
-0. 4104X 10" 4 
0. 7148 x 10 - 5 
0. 7462 X 10" 5 
-0. 4914X 10" 6 
0. 01042 







Z1 


Z2 


Z3 


Z4 | 








CO 


150mm 




<P DMx( ✓ [1 /mm] 




-3.190E-06 


-4.772E-04 


-1.053E-03 


-1.588E-03 


0 DMy< y <*J—y) [1 /mm] 




-3-179E-05 


-2.41 9E-04 


-5.251 E-04 


-7.847E-04 






4.000E-04 


3.090E-03 


7.S0OE-O3 


1.042E-02 






-0.821 


-0.321 


-0.820 


-0.820 






4.961 


4.958 


4.954 


4.951 


Cj(5£^S^J|)[rnm] 




30.500 


30.500 


30.500 


30.500 


Sm(i5-Ig)[mm"2] 




25.525 


25.525 


25.525 


25.525 






-6.039 


-6.039 


-6.039 


-6.039 


^(->^S-a^^)[mm3 




0,500 


0.500 


0.500 


0.500 j 






-1.000 


-1,000 


-1.000 


-1.000 


I md^fl i 




3.063E-05 


5.232E-04 


1 .534E-03 


2.104E-03 






5.268E-09 


3.741 E-07 


2.263E-06 


4^54E-06 


1 <D DM Xfi j 




8.S76E-05 


1.783E-03 


3.909 E-03 


5.S74E-03 






-1.217 


-1.218 


-1.219 


-1.220 






S.I 48 


6.151 


6.157 


6.180 


1 a^f? ! 




0.101 


0.101 


0.101 


0.101 



wcD»jftre«t»tiiS3»^*.tt s«i«isbi. m 6 \tm 2 nMM<D®*mffi 1 8 0 m 

19 



X= 0.000 Y=-0.006 Z= 0.000 o=-1.000 
r =0.000 
FFS [1] 









00 






1 50mm 




C4 


-0. 


3190X 10- 




-0. 


4772 X 10- 


3 


-0 


1 053 x 10- 


2 


C6 


-0. 


3179X10" 


4 


-0. 


2419X10- 


3 


-0 


5251 x 10- 




C8 


-0. 


1845 X 10" 


4 


-0. 


2699 X 1 0" 


4 


-0 


4654 X 10- 


4 


CIO 


0. 


4599 X 10- 


5 


-0. 


1093 x 1 0" 


4 


-0 


2621 x 10- 


4 


Cll 


0. 


9450 X 10- 


5 


0. 


795 1 x 10" 


5 


0 


4889 X 10- 


5 


C13 


0. 


'4646 X 10" 


5 


0. 


5149X 10- 


5 


0 


3726 x 1 0" 


5 


C15 


0. 


3176X10- 


5 


0. 


5839 X 1 0- 


6 


-0. 


4205 X 1 0" 


8 


Z 


0. 


00040 




0. 


00309 




0. 


00760 





5 ^ - ^ e» fiii c 15 b s n 2 » 2 *jc (?) on u > x# g 1 £ , m wr ^ s ^ 

-DM^e>fi!iiJ{'S2fi$nfc3P4fe(Daix>XSIG2T^^SnT^'5o j e 
IT, 5 it, Si Eg is ^ <o jfi 18 Omm ST 

7 * - t> v > ^ £ ff -5 £ <h ifi V # S =t 5 (3 & o T H * . 

ittnJt5 7-DMdSfiS^eilffli:IF/t5t,5 7-jS©SltllJ;oT 

m&w.Mitm*T 2>o as 1 ^mmtmmiz, m&fr*>i&&& 

-e & tff tzyt^ftm & m z> & iz , u>xm&z>^\zmmmiz hs^f^i^ 

h tf) € 4> £ JJD A T ^ £ . d ti «fc 0 . 7*-*->>^l^<DiS^iRII©56^*A* 

&ic, ^ 2 *M^j(7)^^^*«ifi!6-r s^^SBWoifefii^-^ sr^-r. 

MSgflfE- : 4.9mm (illl 38mm) 

W^F±>A*- : 2.8 

HI {$? oS CD +f~ -1" X : 4. 4mm x 3. 3mm 







wrnrn 










® 


CO 


CO 












1 


9. 778 


0. 


800 






1. 7995 


42. 2 


2 


4. 275 


1. 


747 










3 


-19. 473 


0. 


800 


ffi'b 


(1) 


1. 4875 


70. 2 


4 


15. 434 


5. 


850 










5 


oo 


0. 


000 


M>b 


(2) 






6 


FFS [1] 


0. 


000 




(3) 






7 


oo 


4. 


200 




(4) 






8 ( IS? 0 ffi ) 


oo 


0. 


200 










9 


6. 678 


3. 


729 






1. 7433 


49. 3 . 
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10 ASP [1] 1.610 

1 1 17.604 2.057 

12 -3.861 0.800 

13 18.669 2.791 

14 16.682 2.000 

15 ASP [2] 1. 179 

16 oo 1.000 

17 oo l. 290 

18 oo 0.800 

19 oo 0.750 

20 oo l. 190 

m m oo o. ooo 
# m cs % n 

ASP [1] 

ittMfS -1 7.663 k= 0 

a= 6. 3783 X 10" 4 b= - 1. 5627 x 1 0" 5 

d = -l. 3623 X 10- 7 

ASP [2] 

- 1 5. 385 k = 0 



a= 5. 5 127 x 1 0- 4 b= 2. 4424 x 10~ 5 
d= 9. 7551 x 10- 8 
M >b 3 

M>ts[\] (DEO) 

X=0. 000 Y= 0. 500 Z =0.000 
r =0. 000 
m»b[2] (DEO) 

X = 0.000 Y =-0.476 Z =0.000 
r =0. 000 



1. 4875 
1. 8052 

1. 583 1 

1. 5163 
1. 5477 

1. 5163 

M'U (5) 

c=2. 22 1 0 x 10" 6 

c = -l. 9699 X 10" 6 

a = 0.000 (3 =0.000 
a = 45. 000 13 = 0.000 



70. 2 
25. 4 

59. 4 

64. 1 

62. 8 

64. 1 
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iS'O [3] (DAR) 

X = 0.000 Y=0.000 

0= 0.000 r =0.000 

fi<fr[4] (DEO) 

X = 0.000 Y = 0.000 

r =0. 000 

ffi>b[5) (DAR) 

X = 0.000 Y=-0.057 

r =0. 000 

FFSll] 

-0. 3203 X 1 0" 3 
-0. 16 10 x 10 - 3 
-0. 2245 x 10" 4 
-0. 9427 X 10" 5 
0. 3347 X 1 0" 5 
-0. 338 1 x 1 0- 7 ' 
-0. 5964 X 10- 7 
0. 00206 



Z (FFSUHCSB*) 



a =-0. 484 



Z =0. 000 



a = 45. 000 



0=0. 000 



Z =0. 000 



a = -1. 000 



3 =0. 000 



C4 

C6 

C8 

CIO 

CI 1 

C13 

C15 

Z 



CO 

-0. 5695 X 1 0- 3 
-0. 2769 X 1 0" 3 
-0. 3998X 10" 4 
-0. 1 723 X 10" 4 
0. 4262 x 1 0" 5 
0. 1 287 X 1 0" 5 
-0. 2655 X 1 0- 6 
0. 00350 



180mm 
-0. 9205 X 10- 3 
-0. 4579 X 10" 3 
-0. 4782 X 10" 4 
-0. 2583 X 10" 4 

0. 4300 X 10- 5 

0. 1 725 X 10" 5 
-0. 2504 X 10- 6 

0. 00598 



180mm^^ 
-0. 1143X10" 
-0. 5756 X 10" 
-0. 5467 X 10' 
-0. 3016X10- 

0. 3760 x 10" 

0. 2217X 10' 
-0. 4895 X 10" 

0. 00803 







j Z1 


Z2 


23 


I Z4- 








GO 


1 80mm 


130mm^ 






-3.203E-04 


-5.695E-04 


-9.205E-04 


-1.143E-03 


j CDDMy(n 9 D--y)[l/mm] 




-1 .S10E-Q4 


-2.769E-04 


-4.S79E-04 


-5.756E-04 






2.060E-03 


3.500E-03 


5.980EH33 


8.030E-03 






-0.817 


-0.817 


-0.818 


-0.317 


fl(fts^)[mm] 




4.956 


4.954 


4.958 


4.952 


CK*^SR<D«:R)[rrim] 




32.790 


32.790 


32.790 


32.790 


Sm{ SHIS) [mm"2] 




27.155 


27.155 


27.155 


27.155 


fKW»SijSSBB)frnm] 




-6.063 


-6.063 


-6.063 


-6.063 


6 ( ix^H&fc-ffii) [mm] 




0.500 


0.500 


0.500 


0.500 






-1 .000 


-1.000 


-1.000 


-1 .000 


| md/fl ! 




4.156E-04 


7.065E-04 


1 .206EHD3 


1.621E-03 


md"2/Srn 




1.563E-07 


4.511E-07 


1.317E-06 


2.375E-06 






1.193EH33 


2.O97E-03 


3.417E-03 


4.255E-03 




ft#3C5 f 


-1.223 


-1.224 


-1.223 


-1 .224 






6.616 


6.613 


6.614 


S-621 


I ! 




0.101 


0.101 


0.101 


0.101 I 
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mmm 3 

m 7 iz*&wizfrfrz>yt¥m<Dm 3 mmmn y - z mmm> m 8 «^ 3 mm 
m<nm &mmmmm iz& 1,? zmwrnm. m 9 3 mmm^® &mm 1 5 0 m 

ffS3^MJc7)^^te, 0 7 fC ^ -T ck O \Z , ^^oJ^S^-DMch, nj 
^ 5 5 - D M 6 ®J iZ BE S 5 tl fz 1 S¥ 1 <B GD U > X» G 1 £ , ffim "J ^ 
5 5- DM^e.iil:IES$nfc3S4ft(Dfiil/>XlfG2T*is!cSnTO 
So fit, ffimnT^S 7-DM^fft5 £ iT\ *Kji^S>fi* 150m 

* ^ ia * £ t- & » 7i 7^ ^ its * m s tz & t z , w > x si <& 3 v > « m ft a 1 3 > 7 





>X $ it -5 d 










# , |g 3 ^ 










il^Sggt : 4. 


4mm (ffi^^l 


% 38mm) 








BH & F ^ > A' - 


: 2. 8 










m m ® co it -f x 


: 4. 0mm x 3 


. 0mm 












mmm 










00 


CO 








1 


ASP [1] 


0. 800 


Mfc (1) 


1. 8141 


32. 2 


2 


ASP [2] 


4. 200 


Mfc (1) 






3 


00 


0. 000 


m>b (2) 






4 


FFS [1] 


0. 000 


fig'fr (3) 






5 


oo 


3. 800 


{JI4> (4) 






6 (l£ 0 S) 


00 


0. 100 
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7 ASP [3] 2.000 m^(S) 1.7465 

8 ASP [4] 5.438 M>b (5) 

9 7.324 2.02 1 fi!'i> (6) 1.5011 
10 -7.973 0.800 M'ls (6) 1.8307 
1 1 5.885 0.300 fi§>i>(6) 

12 5.787 2.000 M'b (7) 1.4900 

13 ASP [5] 1.626 fil4>(7) 

14 oo 1.000 1.5 163 

15 oo 1.290 1.5477 

16 oo 0.800 

17 oo 0.750 1.5 1 63 

18 oo 1.200 

mm oo o.ooo <i>i>(8) 

# # m % n 

ASP [1] 

\&m¥m 70.428 k= 0 

a= 2. 2 133 x 10" 3 b = -4. 1 1 62 x 1 0" 4 c = 2. 4537 x 10" 5 
d = -3. 6373 X 10" 7 
ASP [2] 

tfi)^#fl 3.507 k= 0 

a= 2. 1789 X 10" 3 b= -4. 6380 x 1 0" 4 c = -3. 9638 x 1 0~ 5 
d = 5. 3918X10- 6 
ASP [31 

\&m¥m 13.911 k= 0 

a= 5. 4052 X 1 0" 5 b= -2. 3064 x 1 0" 6 c = 1. 0798 x 1 0" 6 
d= 3. 396 1 x 10- 8 
ASP [4] 

&m¥m -9. 140 k= 0 
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'I 



a= 3. 7861 x 10" 4 b= 6. 5 1 88 x 10" 6 c = -8. 0902 x 1 0" 8 
d=9. 8151 x 10" 8 
ASP [5] 

mm*m -8.610 k= 0 

a= 1. 3105X 10" 3 b=-2. 6285 X 1 0- 5 c= 2. 0896 x 1 0" 6 
d=-9. 3284X 10- 8 

fiS'Ml] (DAR) 

X= 0.000 Y=-0.455 Z = 0.000 a= 0.000 /3 = 0. 000 
r =0. 000 
Ufo[2] (DEO) 

X= 0.000 Y= 0.000 Z=0.000 a= 45.000 i3 =0.000 
r =0. 000 
M>i>[3] (DAR) 

X = 0.000 Y (FFSMfcBB*) Z (FFS [1] tdlH*> a=-0.783 
3= 0.000 r =0.000 
fi<b[4] (DEO) 

X= 0.000 Y= 0.000 Z= 0.000 a= 45.000 /3=0.000 
r =0. 000 
fi^[5] (DAR) 

X = 0.000 Y= 0.428 Z= 0.000 a=0.000 /3=0.000 
r =0. 000 
1H<fr[6] (DAR) 

X= 0.000 Y= 0.270 Z= 0.000 a=0.000 0 = 0. 000 
r =0.000 
<S4>[7] (DAR) 

X= 0. 000 Y=0. 147 Z = 0.000 a = 0.000 d =0.000 
r =0. 000 
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A<&[8] (DAR) 

X= 0.000 Y = 0.000 Z=0.000 a=-2.000 /3 = 0.000 
7=0. 000 



FFS [1] 





oo 




CO 




1 50mm 




150mm^^ 




C4 


0. 


00000 


-0. 


5892 X 1 0 - 


3 


-0. 


1086 X 1 0" 




-0. 1 575 X 10 _ 2 




C6 


0. 


00000 


-0. 


3128X 10- 


3 


-0. 


6189X 10" 


3 


-0. 931 1 x 10" 


3 


C8 


0. 


00000 


-0. 


3938 X 10 - 


4 


-0. 


6338 X 10" 


4 


-0. 98 1 0 x 10" 


4 


CIO 


0. 


00000 


-0. 


2812X 10" 


4 


-0. 


4815X10" 


4 


-0. 7349 X 10" 


4 


Cll 


0. 


00000 


0. 


2639 X 1 0 " 


5 


0. 


3921 x 10- 


5 


0. 5562 X 10" 


6 


CI 3 


0. 


00000 


-0. 


2463 X 10- 


5 


0. 


6584 x 1 0- 


6 


-0..2496 X 10" 


5 


C15 


0. 


00000 


-0. 


2641 x 10" 


5 


-0. 


2915X10" 


5 


-0. 4413X 10" 


5 


Y 


0. 


00000 


0. 


47001 




0. 


34044 




0. 36255 




Z 


0. 


00000 


0. 


00338 




0. 


00643 




0. 00964 









Z1 


Z2 


Z3 


Z4 1 








oo 


1 50mm 


150mm^i£ 1 






0.Q00E+-G0 


-5.892E-04 


-1.086E-03 


-1.575E-03 


O DMy{^9-y) [1/mrn] 




0,OOOE-K>0 


-3.12SE-04 


-5.189E-04 


-9.311 EHD4 


md(MS^S) [mm] 




O.O0OE+O0 


3.380E-O3 


6.430E-03 


9.640E-03 j 






-0.995 


-0.995 


-0,994 


-0.993 


fi(ii>Si)[mm] 




4.538 


4.538 


4.538 


4.538 






28.250 


23.250 


28.250 


23.250 


Sm(E5-Si) [mm*2] 




25.525 


25.525 


25.525 


25.525 


fi.(«SMtja»!l)[mm] 




-4.558 


-4.558 


-4.558 


-4.558 


5(S>:?Hft*«)[mm3 




0.455 


0.455 


0.455 


0.455 






-2.000 


-2.000 


-2.000 


-2.000 


! md/fl j 




0.0O0E+OO 


7.448E-04 


1.417E-03 


2.124E-03 


md"2/Sm 




O.OOOE+OO 


4.476E-07 


1.620E-06 


3.641 E-06 


j QDMxfl j 




O.OOOE+00 


2.047E-O3 


3.868E-03 


5.686E-03 


fi ya 




-1.004 


-1.004 


-1.004 


-1.004 


Cj/fi 




6.225 


S.225 


6.225 


6.225 


1 <5/fl 1 


ft#SC9 f 


0,100 


0.100 


Q.I OO 


0.100 



L & ifi 6 , B tt pj ^ 5 7 - co R t> K) iz B « *« £ t> e> & ^ ¥ ® 5 ^ - & 5 lr Mi Effi 
iB 5 7 - * ffl ^ * © » ^ T t> , » ^ W * # fc $ ^ IB 0 ^ ifi O * # S 

& S>J PS # £ 31 ffl b T =fc l> o & if ts. 6 « S 7 — £ ffl ^ ® fl 7\t ¥ ^ t & -5 /h 
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fift©/U*; I- -t CD * £ & tl £ a* b T & * . 

£ . _t cd 0tj iz & iff z> ft ¥ m t a . v y xm * t k torn & m -r 8t 

±IB*l6WfC«tS^^^«, ^ w A * * 7 , 5 s 5* * ;P # * 7 , rkk'A^ 

5 v - cd $t fig #i t o ^ t m m -r s . 

— & m ^ tz? a ? )i t> * 7 (d *r 7 7 — i£y t ^ >¥-<nwtmffii&mT*&z> 0 * 
o 9 a tm®t<Dmm4 o 9 b a> £ & &3fc^!i#£few^fljmjg m~F> miz^^m 

VzmtWOo)l:frV, 4 1 ltt§ti 4 0 9 b fc -t tl ^ *i& ift $ tl & ft cd 
nJ^ffitrCgg. 4 1 2tepT«irii§4 1 1 tflX^f y 4 1 3^^11114 
0 9 a <h«® 4 0 9 bra»cS«KSnfc«M, 4 1 4«1iiccDoJ^Sin§§4 1 1 

(Dt&tfim&fflffl? z>fc®<Dmwmm* 4 1 5, 4 1 6^0*4 1 7 tt-tn-rnaa 
n ® 4 i4fc«s^snfcia«-fe>-y--. m m ± > tt- - r zsmm± > u- - -c , 

Ctie«IH^cDct^fcgBfS$tlTl'3CD7 l 6^^S^^&)cbT^So 

ft*, U>X 9 0 2 , &IBU>X9 0 1 . Rtf . 7° U X*A 4 0 4, 
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ai^yuxA4 o 5, $7-406 j&zs^&MVtmo&m ¥®-z?& < t 

fe«fc<, S*iB, @teJ#W*«iffi<0«l, 7ttt(ci*f LTit Lfc^En, 

®, *rf*®cD& ^#5$®, gE&iaffi, fikft^Bimzi&xtem&m-r&mm, ^ 

i!4 0 9 a«, ^JAte!, P. Ra i-choudhury $f > Handbook of Micro 
lithography, Mi c romach i n i ng and Microfabr icat ion, Volume 2:Micro 
machining and Microfabr icat ion, P495. Fig. 8. 58, SPIE PRESS fj ^ Opt ic 
s Communication, 140 # ( 1997 P187~190 \Z$ZM £ tlX ^ Z> * > ~7 V -i 

>5^-cDct^{c, m$KDnm4 o 9 b ZKDmizniz&ftiimztiz mmn. 

l/>X 9 0 1, 9 0 2 fttf/Xtt:/U XA 4 0 4, r#2jlftyu XA 405 

, 5 5 — 4 o 6 cDi&S-^fBS^fct;: «fc3^ffi^e#T>£cD^{fc, &<5VWi, u> 

^ ©J £ , # ili IE IC fc: > h H HE M kf > hi$iST£C;fc^l§cDSlE#*fT 
^nf 5. & *> , tl 4 0 9 bfflfH, «^tfgl2. 121 1 3 f;: ^ "T J; -5 t~ , 
^Bi4 0 9 a(D^f ©St^CfSCTl^tfJ;^. 

* m \Z. J: n « , % #: £ CD 5fc « , ttWU>X 9 0 2 Rl^yU XA 4 0 4 CD & 
A!ftffi<i:#tffiffiT-@#T£n, 0 9 TS*f 7'J XA4 0 4* 

MLT, -^iaifi^y U XA 4 0 5 T £ t> tcSMSti (1211 04", t^SS^cd 

TSItsn, i£ Bg 1/ > X 9 0 1 S^LTil:A^t5J;^(:^oT^5o ccd 
«k3K. U>X 9 0 1 , 902, yj XA 4 0 4, 4 0 5, Stf. nJ£«*#IS 
4 0 9 l:ioT, *W<0^ffil©S*3t^**ili£ LT* 0 , ^tlbCD^^ 

¥mT<DWMVtii mm&mmit-rz c <t k a o , #j#:®cdjkm£S/m;:-3- -5 d 
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Tft*}*., RMffit LX(Dmm 4 0 9 a (DMVliZ. IS «tt fll *«JR M IZ ft -5 cfc 
•5 (3 ^ IF ^ m 4 1 4^e»Ofg^tzJ;0#wr^Jgin^4 1 ltf>JgJ5t{g£^<t£ 

^-sdtcfcowfflisns. -r ft ^ . $isi4 i 4 ^ . u & -t > it - 4 1 
5 . ss-fe >+)-- 4 1 6 R^gg^i+h >+>-- 4 1 7 frp>mmMmR&mm&&iz. 
i&{*£T*<DfcMizmctz*:&z<DmnrfAti£n. m m m m 4 1 4 « , £ n e> 
» a (s^ t a # ^ h (d mm. r rsm m & # t s X- (D \z i z m m& 

ifflfiT*»«t^<.ii 4 0 9 a©»ttjJ^^3n5J;5 4«E**i4 
0 9b(cfpjPT^>J;3(c,Bj^jg^^4 1 l<7)&jn{i£?*^-f<5fc*6<7){a^£ 
ttJ^TSo d <£> =t 5 \Z , mm 4 0 9 att||4 0 9 b iZ PP JlP 5 ft 3 * EE t* ft *D 

ZtiZfcib* t<DMW.\tW;M\z<i: 0 #i*ffi£^tfli* ft 

ft 43, Segl-fe >+!"- 4 1 7 teft < T < , ^(Dig^r, 4 0 8 

>X 4 0 3 Srift^ L, -t<Dfl:K* 6 ^{c^^Sg^S^^m L . "l^MVtmZ^M 

£ -e- tut © k > h o J: ? iz t ft ««t ^ o 

M 4 0 9 a^^U^fS ^©^^^JgTi^ttltf. {g^EETfe* 

#ftgg^*«pjei-r*scD-eiffl»^-c&a 0 ft & , X "J X A 4 0 4 tviMMWm. 
4 0 9 $-f#«t^^LTa-^ hfttSi tjji-et*. * , m ^ £ # H§ L 
fc^, nJf f ^i4 0 9 CD g _h (3 @ #: jf ft? 5^ 4 0 8 ^UV^77^-yo 
-feX (CO; 0 — ttftHC J&fifc IT *> =t 

* tz. > k > X 9 0 1 , 902, y>JXA 4 0 4, 405, 5 7- 4 0 6 H, 

iZMrfft Z> Z\ 1 Sft)®¥t*5. ft*5, # 0»J <Z> SR flfc g S "IM* » U> 
X 9 0 1 . 9 0 2 ^X'J XA 4 0 4* 6 Ml ft T fl^ fig £ ft T ^ * ifi , V > X 9 0 
1,9 0 2 SIS! ttS - £ft < JRMSP^*T^> - t36«T?#a«k 5 IZ X U XA 4 0 
4, 40 5, > 7- 4 0 6, Bj^^«^409SlSBtTft«, X "J XA 4 0 4 
, 4 0 5, nlfltti4 0 9(Jl^©)t^7*a'y^t?iO, £ft <2> 

o £ , U > X 9 0 1 , 902, X »J X A 4 0 4 , 405. 5 7-4 0 60- 
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m <o a ^ mrnmw &m e. n s „ 

fc*3, HIl 0 (D^JTte, ftJF&B 4 1 4, i&K-fe >+>-- 4 1 5, SS-fe >+J- 
-4 1 6 , E*-b>*-4 1 7 SSg£fc, i£!S« © % ft t> W £ 

4 0 9 T *& « -T S «fc 5 fC L fc-rt* . *5Tiaft<Tt»J:H. ^ £ <9 . SI IF 
114 1 4, *S ^ ir > +1" - 4 1 5, IIt>^-4 1 6, SB Hff -fe > It - 4 1 7 

ft <D**l>r*Jg#*& 4 0 gt'ilEtSi^llLTtjJ; 

*^J»^J^^^^«, mm 4 0 9 atll 4 0 9 biffi^ilSilf 4 0 9 
cWg^tlTUT, d ft e» # : 3fc ft o 4 2 3 ± IS 6 ft T ^ . fit, J± 
«^^4 0 9 c{'iPt3-5«/±^#«1l4 0 9 bftfC^^.^>di{'J;D,EEm* 
^4 0 9 c fc«B»Wfca3teS#tt*^i:Si3-T. Ii4 0 9 a(&ffim££A<5 

;t#tt5=k^ii^oTi^. mm 4 o 9 b<DM&. mi 2 \z ^ -r =t o \z m 

0 1 1*. 4 2 4ttif||4 1 4tI««Sftfclgft-fe>lJ--T?*oT, 0>J 

TLtey" i? ? >v X * ?(DMn&tfita l , igftKck 2>m<D$Ln&mm?z =t 5 tc^ 

Bi4 0 9 a*I«5t5^<,IIiI4 1 4&0CpJ&ffiin;Sg4 1 1 J^tT 
11 4 0 9 bfcHlJinSftSmflESr^'fb^-B-*. fi!t>1i-4 1 5 

. mm-k>v— 4 i 6 Rzs9&m± 4 1 7 ^^(Dm^'bmmiz^m^n. 

t: > b £r ft -fr , lSS«lf^fTt)tl§. Il4 0 9 al;|jffi$ 

f4 0 9 c<Ogg^fc#5fS*a<2mfc>£a>T,i*l|g4 0 9 a<DJ5£te&3f§JgJ? 

# ic znTmfo<Dnm&mrz-&z> £0 \zTz><Dfr&^ 0 

m 1 4^*^0^cD^^^i3ffl^S^t»:pJ^5^-i:LTiifflnr^^^^^ 

*m<DP]^Mwmte,mm 4 0 9 a <tm^ 4 0 9 b (Dmizirmz nz>&mm 
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^tfMJ5fa(D!£n%f&&ft~DttmT"ftt>tlfz2tit<D&nm^ 4 0 9 c RZ£4 
0 9c' T*gJ&$*lT^-£>£TIHl ll'^$nfe^J(DRj^^^^i«B^S 0 
T & *3 13 > Ellf 4 0 9 c £4 0 9 c ' 7^ f!§ «tt ij® II T ff^ 6 n T V> £ £ T 
tHi\ ^H s B lft(D(^^^SlWci^(-7i^ J; o tl5B£ *13„ <I<7)4§£. EE IE ^ 

4 o 9 c t4 o 9 c ' tenfcfrwbuz nz> tm^faizi^m't z> CD-? . Mm 4 o 
9 a^^^^-tt-sij^^iiii i iz^vfzmMm<Dm£ £ <o & o .i&zk&jtz 

5 7 - ^ ® (D M £ ± £ < m X. 3 Z t ffi T ; 1* * t ^ 5 fij & $> 5 o 

Itif 4 0 9 c, 4 0 9 c' tffll^llfti Lttt, 0>J A fcf ^ ^ > Bt A 'J 
<^ A , a>j/~>x;i/m, 7k Hi, 1^6, U > fit — * # 'J # A (KDP). u > 

ss-tk^t >^e-^ a (adp), ^ u ^ Am<Df±nmn. n^n<D 

1*1 *aft © «g Jl , PbZ rO3tPbTiO301S#©Ett55 

> ? - -y v\tif- u m - -)v (pvdf) m(D^m&mmm. ±m&>*\-<D& 
& ^ t% - \z t n a. _t le m \z & ^ t *in 4 o 9 a (DMVt&mwiz^mtE-e z> z 

£ h rJ b£ t * 5 o 

3: & , Sti?4 0 9 c, 409c' LTI1< # 'J £ U ^ > . v U 

3 > A , 7^ij;H5Xh7-, PZT, PLZT, jj? U 7 y -ft fc* X >J -5* > 
(PVDF) ^(Bffifl-^EEStt, ~>T >{fc fciX 'J ^^fi-^te, t*XU^>7 

fc*3, 121 1 1 1 5 0ffilif 4 0 9 cllll«'^, WAH 7 * U ;U 

x ^ X hV-, -> U 3>^Af ^ffll^i-^Ctt, Elif 4 0 9 c £gi]c7)S 
ffi 4 0 9 c - 1 iiltf| 4 0 9 c - 2 & IA K) & t>H fll ig fc L T fe «fc H . 

«^4 o 9 <D£ %izm<DM$ : ^^-® l mmf$.m-T:$>z>o 
*m<o vi^MVzmfc, f±.mm^ 4 0 9 c ^?hbi 409a tmm 40 9dtc 
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cfc o 8tn $ mm 4 0 9 a t.nm 4 0 9 a ncsfii4 1 4cj;o mti ta^i £ 

t«giJ(I, 3£Jt^4 2 3 ±.lZ$Ztf Z ntzMM 4 0 9 b IZ *> it H £e M 4 1 4 J; 

-5>o Lfc^o T. #0»JTtt, 4 0 9 a 4 0 9 d t <D ffl K 81 JP $ tl * 

*EE 4 0 9 bt3PPJp$nsmEE(Cct«)^«M^<h(CctO— 

m# . ±se ^ l fan w t> <d j; o *> =t o # < o> ^ & a- ^ - > a« nj t * o 
. ^o, ft g *> ii v> £v> 5 f«J 

f LT. 1^4 0 9 a, 11 4 0 9 d ?£\(Dmi£<Dftn £ M tl fcf , nj & 4* 

^^o®icfeiHiffi(cfc^^^-a-sc:i:^T#So © « , xzt£MM&i±m 

*3, *^4 0 9 d»i!4 0 9 b©J;5l:j|»OtI^6«llilSnt'bJ;H. 
^TSiftTBEf'/i^iiKR^Tl^. *£oT, « M « ** *> EE fi. # tr t> <7) 

tt'flft 4 0 9(7)$?>(C{til(7)0iJ^^-rmiB§ti;«BIT$>^, 

L <D . 3£ J# 4 2 3 ©ft^I®il:H*^I54 2 6 *« , IM W ± IC tt 

ifty u 3>xa^'j-i , 5 s* ^ a> e> & £ s is 4 o 9 e (Dmmffi&mmmfez 

Hi 4 0 9 a IS £ tl T H T , nT 3E «m 4 0 9 *»)«l/T^S. 

g t£ 4 0 9 e<7)T®{'«^^:W=i-r;i/ 4 2 7 S3 IS 2 tl T *3 0 , d tl 6 <£> =3 

-f )v 4 2 7 tt^e- n^nmmm^ 4 2 8 ^it-LTiiigi4 1 4 tcfg^ s nt 

-5 . Lfc^oT, #t>-9— 4 1 5, 4 1 6, 4 1 7, 4 2 4^e©i^C 
4 1 4^e»<om*(I#{C«tO,#ffi«llHlgS4 2 8 <=>#H< )V 4 2 7 IZ^tl^ 
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nm^ttnrM&m&z n« fk^m^B 4 2 6 ZKDmizm< mam^T&u -r 

)14 2 7 4 0 9 eS^H4 O 9 a £^ffi*£-ti-£, 

feTi* S„ £ . n^fJH 2 7ttliT!)i^L, 7kA154 2 6 ^S«4 0 
9 e (C # IS L zi -f ;U 4 2 7 * £ f# ft 4 2 3 CD ft Ifl Jg ffi ffiij iZ fg £ J; O IZ U T 

. u -f ;U 4 2 7 »wtt3iffiBH4«c«fc 0 fiSti^AnSJ; 5 (C LT fe «t 

mmn^f )V 4 2 7 HI 7 UStipl;, iRlrCcfco 

T3EfbS-&4Cli:lw«J:0,*tE4 0 9 e &££i$Bi 4 0 9 a(3 0fM(D^^^^-A 

ft <=> CD =3 -f ;U 4 2 7 (3 te&?&t£{*=k Oft*tt'tS!*Al/Tfe±^. 

«i4o 9 05 s e> fl& a) m & ^ -r « B&flf fiK 0 -c * * . 

#0»J(B*mfl2tt&T«, S« 4 0 9 e «0c#©3fifi8tt#TfP 6 ftT& 0 . S 
StUftt LT©»| 4 0 9 a «T;i/5 -'JAf^SftoT^S. CCDi§£. ffK 

t-#-5>o * it. mm t,^ v 4 i 3 zwrniimmmmmm v ^izwmrn 

it , 3 -f ;U 4 2 7 f3^ft-5m^(D^ft£^A3£i:7^T'^, S « 4 0 9 eS^ 
iHJHI 4 0 9 a CQfl£#c£ g E&tC^ 7L%> ZhtfXZZ. 

mi 9 « * #1 1 *3 t--t -a □ -r ;u 4 2 7CDSEm£^L,i2i2 0 ii □ jm 2 7 co 
fl&oBESflisr^LTusa*, ^ ft 6 co 12 b it . mi 6 iz^vtz^mmiz^mm 
t5:t* { Tt s. 7i & , m 2 nt, m 1 6 \z ^ l m \z & ^ t , □ -* 4 2 

7£H2 0CO=t^iClHMLfe^^fCji-r^*^^54 2 6fl)SiSiLT^ 
-So "T & ■£ , HI 2 1 C*tJ:5i:7lc^ii6 4 2 6 ^ftlt^(iieitntt\ I2I 
1 6 \z.7ik Lfz&UZtt^X. fflL%PZs.^M&mWL 4 0 9 e fttfUMB 4 0 9 a (3-^ X 
Z> Z £&T~£Z>o Cl(Dj;^(CfI^^$ffl^TSI 4 0 9 e 4 

0 9 a£^fl££-tt-g>*§^ (1211 6R^i 1 8 6Q#J) fi , |IIA5ffl^it|^ 

ct o t> {£® j± xmmx % z> t m $> z> . 
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^ <=> 2 o^_k£ |wjB#(zffl ViT Rj^ffimii£M$-&T *> «fc ir>. 0 2oi^ 

ft ffi R S ifi ^ ^ ^ 35 ^ S i± ^ "T ^ i: ^ 5 fij * ifi $> Z> „ ffi 13 A I* Bo K ¥ ff ft 

ytil/^lii, m T II ft . /ty3>fflfy5'i^^5, PDAfflfy^i^ 

* «»J W » « 3^ « , lilfr^i 4 0 9 i. l/>X9 0 2 t, l^jftff 4 0 
8i, fM ffll & 1 0 3iT- -D(DffimZL-y h 1 0 4 £ fllfiJc L T t> £ . *^JO*i 
mzL-y h l o 4T(i, 1/>X9 0 2£M^fc&#7^£(B3Ui"5J3£fl£ ; K«4 0 
9 tU @ # «Hfc Sft T 4 0 8 »±t^if5. @f*3Sfl?f?i^ 4 0 8 Tf# 

*^<J(Cctn«,#)f*gg^l^^^^T : boT^^«^4 0 9 5fISt5^tT 

e>h^fct$t^:t^Tf, u > x £ ^ - ^ m -cmm? z> & m tfi ft < , * 

Mit. mmit. fiiSf^^ro^Tltit^S. h l 0 4tt 

So 

ft *3 , 0 2 2CQ#y-e«, ©J 199 & 1 0 3(;::n-r;i/£ffl^£:h^>X<7)#EEtHl&§ 
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& ^ ts Mm % (D m f&m & ^ ^ x ^ z> „ ^izmmm&m h ? >x&m^& <t, * 
vi^rnvtm. wr ^ m & v > x iz m m t * s . 

m<D m \z % Z> , ? u # > 7° 1 8 OT'Ml 6 15HiLAnL$7-ffi^^ 
=t a CifSSftt^S.T'f * □ 7-/>0fi«Tff6tlfe^>y<OWi ITU 

m 2 4fc*mw<Dft¥%izm^&MVt^&^ 7-izmm^mfc^'i ? u# 
mi 8 i Ef^^^ci^^ct o « m2 4 «s^«m^» 

(Cct«9ii»J-r-g)^J^*bT^«9,|gI2 44', 1 8 2, 1 8 3ttilt»5. * 
fc, LfcB$ (DmWiffi. 1 8 UiLTHS. igffijfel 8 1 <DjgIHC# 

l> , 2 o cd # 1 8 4, 1 8 5 a* m m b , Sit ft 1 6 I % tE^m 2> & o lz 

* #J CO UJ ^ ffiM* m 1 8 8Tli>SWil 8 9 1 6 1 (DMlZ^CXW^b 

iz$£M? z> z\ it, Bjfr^itLxiitSc ^^mwmi 8 8 « efc# 1 6 

* fc , 5«fflCil4 0 9 aH, ^ 0 L & ^ SB # IC f£ T < £ > "5J^^ 
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^^-^^-rfcCDT :<DnJfI*S7- 5 6 5 «. 1 . I2©j856 

6a, 5 6 6 bS*t*ISloa #1 5 6 6 £ , |g 3 , |4©S 5 6 7 a, 
5 6 7 b*tt5i20MM 5 6 7 ££#-r£off§lc7)jgBJ?Kte5 6 6 
, ¥mVt£fcteU >XiKlzBf&l,X , fiffi (ft§ 2 CDS) 5 6 6 bl:illl5 
1 3 a £ f£ , !fS2C7)jiH^S^5 6 7 » 1*1 ffi ( fg 3 CD ffl ) 5 6 7 a £ DD @ t£ 

i:i)«lt, mwm±.izixmm5 6 8 ^jisl-, s^iiziwjRitiss 6 sitg 
mmm 5 1 3 b Srsawa. &9j«js 513a, 513b mnc:tei«#^ #«»eifi 

Jl 5 1 4 £ 12 , ^tieilHii5 1 3 a, 5 1 3b^X-f 7? 5 1 5^<k^ 

oT^®Jn:§§5 i 9 &f&x3zmmm 5 1 6iigin,«»f»i[$ H B B i5 i 4 
{cxofi«#*epsn-r * =t 5 fc-ra. 02 s-pasKa^fcasstisL 

T*£o &t££ffi 513a £ S5 # ^ # « ffc S JS 514 tilltffi 513b 

^ e»&£l>I^j£ * l/>Xi, j£9!£1& 567 iHMBi 568 <E> ts. Z> Wffim*m& 

^^SfltElcfCct tttf, 3 9jSt( 5 6 6 fflij^ <=> AMT5)titt, 6 8 

5 1 4(D^ffl^2[fil i bfc-&'5)^ch^-e#^><hft^,^^^^M^ B %li5 1 4 ^ 

<7)i§^, pJ^*£,6 55-5 6 5[CAWU^7titt, ^f^lli5 1 4 £ 
2lHljSii-r^WT-, iS^T^m^Bie5 1 4c?)J¥£c7)2{g£ t ittltf, ±tB 
(D#^^|sltif3fflt^c:i:^T#^o & *3 . ji S & 5 6 6 £ fc 5 6 7 (D\H 
W&mffifeJ-WilZ lX,I»f»Mf B i5 1 4©/?SSi<t5ItfcTf 

W±OUiWCtt, II <D&Mt£R£jJ:-r ITic^ifi 5 16* 
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ic -s *§ <z> & s • & m > $>z>^i$mgi l (Dumm&£ik2-&z> z. tiz£-? 

Tfe«k^. fc * > * IS W T tt HI 2 5 <D ct O ft mm <D M it L fc ^ "51 £ ^ 5 7 - 

.026*. 411«oj^Jg*a§§. 414IJSI8S. 4 1 5(iiSt>ii— 
. 4 1 6HItt>^-, 4 17ttre*-fe>-*-, 4 2 4 «Mn-tr>+f--TS. 

So 

4 5 3 £ IH£BSTT#SiJmffi 4 0 9 b S^tt** 4 5 3 CO _t JUS fc 

«^4 5 2, mteaimtl&WL4 5 1 $e»tC^<D±f3AS*7t^JK#fr<5 

T;i/5->>A#CD^m^b^-2>SMBi4 5 0^IS^T^Pg^nT^Soil<7)ct 

o izmm-rz 9tmmm4 o 9 b 4 5 3 t-^fkbfc^-^tcit^ 

5tl^/U v h ffiib -So fr*3, 3BJBnT1ilfr£tR4 5 1 tli 4 5 2 (DIBS tt 

* fc , HI 2 6 * , 4 4 9 «)tf f fc-Sl^teX — .k£fTft5fflT&9 

. »imBVtm4 5 it. IP4 4 9 £ fig ffl # "T £ £ T JR WIB& 4 5 0 CD ffi* £ ^ ^ 

S-a-T, |g|g»5^tt. x'-A^tSu t^"et§J;^l:IISI4 1 4 £ ^ 

S^id, *fgH^Tffl^-5fflgg0^^^3zI!^T*3<o 

&gB, mmmm. ^^mm. hbib&h. 
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mtzmmm. vtr^^^, m^-ft&mm. m^nmcn? ? ji 

ti o "r-Jts fj — HiT^^J^. fl/t'ij^7, VTR^>^7, 

ifrHteii* * ^, ift^wf-/^^* ^ ^&<*fte^-f nfcm^JtliigieCO- 
G'iJ T* & <E> „ 

mm^mcDm^ itu, git&u bsm, sxbs^, 

□ - 77^>y~, t'a-77-f >^-^*^§. 

-> > (Vi-ttSyi/'f Xf-va > K k'f*7Dyi7^-, *I^n>? 
x^-, ^g|5S*fS!ia«^^SB (head mounted display: HMD). PD 

m m m a <d m t u x « , ^^^^xha^, gi$©A 7 F7^h, ft & & 
^fg^w^aua/h sea «^«i«isit. mnmmmm. n 

o * , ¥ff¥SS[37''JXA© l^t^Sn^fe^ttl.. « §R # <B & f fc 

mm. w-m. 0te*nfc#s*®©«;^, jtw^^ Ltit Lfc**®, ?i. m 
te *t m a . & & n £ *r -r & # s*® > n wm & i fc v m ? % #m 

aSJg^Lt^T'bfi^. S&fffiTfc, jajfffiTfc, ^K&AySri* 

-So 
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* y ^ a° * ;p * <e> fa e> a* 05 it n & a # u , mm-? z> z. mm o 
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What is c I a imed i s 

3 . fB^JRM -5>5t d6 iC , < <h 1 -D (Dm&llVfitz U >X& 3 

V > tt H ft? m & Z $4 fC *f L T Is to IE M £ tt T ^ £ si ^ JS 1 X « 2 (3 IB M <D ft ^ 

7^ o 

4. WjfcJH 1 ^IB*fc6Dft^lS *m ^fzX^gim.o 

5 . ml IB B pJ ^ 5 ^ - « , 7 * - t> -> > y -T -5 SB m. ifi ifi < fc S O 
n T IE (D A° -7 - ^ * # < & -5 £ a K ft J5g $ tl T ^ sS ^ 1 IZ IB <7) ft ^ ^ 

&^l£ft¥^ t^fcft^g. 

6. HfrfB^^Bj^57-«> ^ ^ fc: ct D IE CD A° 7 - £ li A° 7 - <D £ 
IX -5 Z. b. ifi X 1 ^ & , If * ^ 1 \Z IB «g CO ft ^ ^ . 

7. MtZMW;^^ ^ ? - jECD/^y-O&.&m&Z.t ^ T # -5 , si j£ Jil 
1 (C IB i£ » ft ^ ^ o 

8. tifiB^^pj^5^-«, ^7-ffi<Dg;M(Dmizmmffif)mj£~c$>z>m 
Mm i icib^w^-^^o 

9. < t ^ i ^u±<n&£ U > x&^ir &m$tm i izmm<D%;¥&o 
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10. Mtt pT^S 7-&<£/ufzyt¥&lZlS^T. i«nllS7-©i^Ii 

0<|md/f I |<0. 1 

11. MW^&^ z> hjtzft¥%k\z£>^T . Mtfi WT^ 5 =y -0i^tf 

0 <m d 2 / S m< 5 . Oxi 0" 4 

12. ^^rJ^5 7-£"^A/*: 3fc¥3RK*5HT, ittBfiS7-Cct^T7 

is > t?m\ZBW.v!ms. Z>ni±&Vm (Volt) <h Lfc£# 

0^ | Vm |<5 0 0 

13. pJ^ 5 5 - &<£/vfzyt¥% IZ& HI, ffiM* bJ^5 7-0/1«7-^ 

O^|0DMXfl|<l. 00 
fcfcb, MfBffim pJ^5 <f> DM «, iS»«i>I«S 7-©IW 

[r] (Y TjfpJ) ffiF*3T©/1 -7 - 0 DMy £ , tl <h S it 77 |6j (X 7jIpJ) ffl I*) T (7) A° 
■7-<f>DMx£©¥^ffiT&D. <f> DM= ( * DM x + <f> DM y ) / 2 © =fc o izfem-f 

14. Huie^^"J^57-{-J;^T^^tC7*-^->>^U^:l^^, M W «r 
^ 5 7 - 7 * - ti ~> > £f b IB © n «7 - J; 0 & /h $ ^ /1 "7 - 8 ^ 
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15. huIB^^rJ^S^ — IC i o T i5 ,^ IC 7 ^ — ^3 •> > y L fc |^ t , ^«pJ 
& 5 ^ - 7 =1- - tl v > ^ L #c H (75 /W - J; 0 ± ^ I- wt "7 - (D ft. m iZ m 

mu g z>m#m i 3 izmmnft^m. 

1 6. it* 12 JIM* pI ^ 5 ^-{IioT#)^Sgg8^ft|Kg^(7)tl^fC7^-^->> 

£• o [a m b m \z m m ? z> if m m i s fc « i 3 t te « <d % ^ m «, 



17. ffimums 7-^t^/ t c)t^^^:i5UT> ffim oJ^5 ^ - W 4£) #: fi'J K 
ft A -7 -co yXM^M L, s£ 1/ >7tS¥cD£l ,£Sg!tf££ f 1 . X¥Zk(DM&3&m 
£ f 1 iLfct^C, J^TcD^^^^?iS1-^7t^^o 

-5. 0<f 1/f K-0. 2 

18. ffimoms ^ -(D#jf$iiJHgBm$ tltzik A <7 -CD 1^>XI¥^\ lftcD 
GO ^ > X 1$ $ tlTU£ d t. &&mtTZ>. Si^^l 7 ('|SacD7t^^ 0 

19. mvt "iM s ^ -(DWfcmizmm £ n/citA -7-co u >xmtfi, 2$kd 

2 0. jim* pj^ 5 =y - /vfzyt^&iz&^T . ^^pj^57-t'<fc«>Wi± 
^7tm<DffiQ®\,fm%etvrz£%iz,&T<D&ftjZ&M&Tzm&miizm 

6 0° < 0 < 1 20° 

2 i. jb flumes ^ - £^fcft^*uc£; t^x, Mse^m s ^ -amm 
(D7t¥Wfr*>mm&3iT*<Du>xw.<D<%m&&\ tLtzt^iz. &, r <d & # ^ 
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0 

0. 3 5 < | 3 1 I < 1 • 50 

2 2. MVtvIM^ y /vf~ft¥%lZ&^T . ft¥^0>£fi£C j , 

1. 0<Cj/fl<20. 0 

2 3. ^#^5 ^-£^A,fC7t^3U3:fc^T, ffim oj^ 5 5 - (C «fc o T 5£ 

$i-rz>m>bitiim&ffiiE-rz>fzsbiz, 'j>tz< tt> 1 ^ <d u > x \z >> 7 h * an a . 
^©y7hU5, yt¥&(DM&mm * f 1 t l ^ t # fc , mm<DVtm-cMT 

0. 0^1 6 / i 1 I < 1 . 00 

\z IB s £ ntzn.n 7 -co i/ >x»a* 2 #0 u >XTii«s nx & 0 , ^n^'n 
© u > x fc an ^ e> n -> 7 h £ 0 , , 5 2 1 l ft t # c , KT^^fta^is 

TSsS 2 3 {3fe«fe<D^^^ 0 
5 , X d 2 ^ 0 

2 5. fl£4# 7-£^A>fc7E^{;::fc^T, pJ ^ 5 7 - £ «t o T 56 

£-T4(S'frJK^«:*fiIE-rs;fc«>fc:.4>&< <h *> 1 O (D 1/ > X & 3 ^ « Ji ft ® fd 

r j )i h zmz.. t <d r j )u h m & s t v tz t % iz . &&WimT~\zT<D$iftj5; 

0. 0° ^ I £ |<1 o. o° 

2 6 . fn-ffto u >x$>2> i^\zMtmmizMz.fzT j )v vm<D$&i$m.<F>$ > ~c 

2 7 . titeffifcJiPAfc^^^hO^fin]**, &i£ pJ £ 5 5 - t ¥ ff tc jfi r5 < 7? 
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[r] t $> & m j}< m 2 5 izmmoyt^zk. 



*fi IE -T -5 £ #> 4> ft < tfe 1 1 0) Is > X $> Z> ^ \Z&&W IZ ~> y hStff^^ 
h^iPA^lTfe^^^iSt^T, -t tl tt <D v 7 h *« Z> — O (D ¥ ® |*| T? ff tl . 
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ABSTRACT OF THE DISCLOSURE 
& V > Xm & m L T H 5 . «^nJ^57-DM^f IfSItt, 7 * - ~> 
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